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ABSTRACT
We investigate the energy release due to the large-scale structure formation and the subsequent transfer
of energy from larger to smaller scales. We calculate the power spectra for the large-scale velocity eld
and show that the coupling of modes results in a transfer of power predominately from larger to smaller
scales. We use the concept of cumulative energy for calculating which energy amount is deposited into
the small scales during the cosmological structure evolution. To estimate the contribution due to the
gravitational interaction only we perform our investigations by means of dark matter simulations. The
global mean of the energy transfer increases with redshift  (z + 1)3; this can be traced back to the
similar evolution of the merging rates of dark matter halos.
The global mean energy transfer can be decomposed into its local contributions, which allows to
determine the energy injection per mass into a local volume. The obtained energy injection rates are at
least comparable with other energy sources driving the interstellar turbulence as, e.g. by the supernova
kinetic feedback.
On that basis we make the crude assumption that processes causing this energy transfer from large to
small scales, e.g. the merging of halos, may contribute substantially to drive the ISM turbulence which
may eventually result in star formation on much smaller scales. We propose that the ratio of the local
energy injection rate to the energy already stored within small-scale motions is a rough measure for
the probability of the local star formation eciency applicable within cosmological large-scale n-body
simulations.
Subject headings: large-scale structure of universe, intergalactic medium, galaxies: interactions, stars:
formation
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1. introduction
During the last decade great success could be achieved
in our understanding of the detailed mechanisms for the
formation and evolution of cosmic structure. The role of
the underlying cosmological models and parameters have
been investigated by numerous numerical n-body simula-
tions. On large scales the calculated distribution of mat-
ter is in excellent agreement with the observed one, e.g.
with the galaxy distribution and the distribution of the
intergalactic medium (IGM). The fast enhancement of the
available computational power permitted to cover an in-
creasing dynamical range and/or to consider additional
processes. In particular hydrodynamical models have been
developed very successfully.
The evolution of cosmic matter can roughly be subdi-
vided in terms of scales: On spatial scales larger than the
Jeans length gravitation dominates and on smaller scales
hydrodynamical processes do. On the other hand for the
description of the IGM, e.g., this distinction is insucient.
The IGM is strongly influenced by both, the large scale
structure evolution and the feedback of the luminous mat-
ter, in particular by the star formation processes: Super-
nova explosions sweep out the galactic gas enriched by
heavy elements into the IGM changing its chemical com-
position and thermal state. Radiation ionizates the IGM
in the environment of the galaxies.
In order to obtain an appropriate description of the
physical state of the large-scale distributed gas also the
amount and the distribution of stars and their back-reaction
has to be estimated. However, to link the process of star
formation to the large-scale structure evolution is by far
out of scope.
Incorporating the stellar feed-back in simulations in-
evitably needs to connect the star formation rate to avail-
able gas parameters. Those parameters can be, e.g. the lo-
cal density and the local gas temperature. Note, in terms
of the considered simulations ‘local’ stands for the aver-
age over smallest resolved scales, usually of the order of
1 - 100 kpc. ?) found that in the interstellar gas the
star formation rate _ρ∗ (SFR) is related to the density
ρ by _ρ∗ / ρn, where n is adopted to be about 1.5 (?,
cf.)and references therein]kennicutt:98. Although those
scales are far below the resolution in large-scale simula-
tions, this empirical relation is often applied. Gas which
fullls certain density and temperature criteria is assumed
to form stars according to the above given Schmidt-law (?,
e.g.)]yepes:97,springel:00,steinmetz:01,nagamine:01,ascasibar:01.
An alternative approach has been introduced by ?) linking
semi-analytic galaxy models to bound dark matter halos.
Applying such prescriptions for star formation, e.g., per-
mits to calculate the star formation history and the stel-
lar metallicity distribution in the universe. However, the
variety of used criteria (?, cf.)]kay:01 indicates that the
conjunction is still uncertain.
Knowing the processes on the scale of Molecular Clouds
(MCs) which most probably are controlling the star for-
mation rate would provide an indication on the possible
linking quantities. Therefore, let us shortly summarize
some recent results of detailed investigations related to
star formation.
Star formation is hosted by interstellar clouds of molecu-
lar hydrogen. Stars probably arise from shock-compressed
dense cores within the clouds (?). The cores are produced
by supersonic motions of the gas due to the presence of
turbulence (?). According to ?) the SFR especially de-
pends on the scales on which turbulence is driven.
There are indications that the formation of clouds is
linked to larger scales: ?) argued that MCs are formed
through the condensation of H I regions in conjunction
with some other mechanism as has been proposed by ?),
e.g. due to colliding interstellar gas streams (?, cf.)]burkert:01.
The life-time of the MCs, 20−100Myr, indicates that the
internal turbulence is more or less continuously driven by
external forces (??). Nevertheless, star formation occurs
probably only once within one cloud (?). Consequently,
the rate of star formation may depend on the presence of
an eective intercloud turbulence.
The state of the ISM, i.e. whether it is turbulent or not,
may be derived from the power spectrum of the velocity
eld or from that of the matter distribution. For instance,
?) investigated the neutral hydrogen distribution of the
Small Magellanic Cloud (SMC) and derived the spatial
power spectrum. He found that the spectrum of the SMC
is to some extent steeper than Kolmogorov’s 1/3-law and
explained that by the compressibility of the gas. Further-
more, he suggested that the origin of the turbulence could
be caused by a close encounter between the Small and
the Large Magellanic Cloud (LMC) 2  108 yr ago and
he showed that supernova feedback could only contribute
little to the kinetic energy of the SMC. This illustrates
one possible mechanism to force the ISM into a turbulent
state: kinetic energy is transferred from larger to smaller
scales, i.e., kinetic energy from the relative motion of the
SMC and LMC is transferred into internal motions. It is
intriguing in respect to the relation between turbulence
and star formation that both the SMC and the LMC show
evidence for large increases of their star formation rate at
the time of the encounter (?).
From these investigations one may conclude that the
SFR is controlled by the rate of formation of dense sub-
structures - or clouds - in the interstellar medium, dense
enough to undergo gravitational collapse and fragmenta-
tion. Whether these substructures are generated by ther-
mal instability, gravitational instability, turbulent com-
pression or some other process is still under debate (?,
cf. introduction in)]scalo:02. We suppose that interstellar
turbulence is the leading mechanism. Then the question
arises, how is the interstellar medium forced into a turbu-
lent state? What drives the turbulence over a sucient
long time period needed to form eventually stars? Again,
dierent energy sources such as supernova feedback, galac-
tic dierential rotation (?), infall of high-velocity clouds
(?) and other mechanism are conceivable. Merging events
between galaxies or minor-merging events between galax-
ies and smaller clouds are supposed to cause ecient star
formation (???). This may indicate that merging, which
occurs due to the structure formation, could provide suf-
cient energy to stir the interstellar medium.
Therefore, the question arises how much energy is even-
tually available by injection from the extra-galactic scales.
When large-scale structures are formed gravitational en-
ergy is released and stored in large-scale motions. The
structure evolution transfers the kinetic energy from large-
scales to galactic scales. May this transferred energy sig-
